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Claim Amendment: s 

Please amend claims 1-4, 6, 7, 12-l!i, 17-2 0 as loilows: 
Pleaao cancel claims 5 and 16 as follows: 
Please add new claims 21 and 22 as follows: 

Claims as Amended 

1. (cLirrcnLly amended) A method for iorming a copper damascene 
feature w ith Improved electrical properties includi ng reducing 
moisture and etching residu es f rom a damascene opening comprising 
the steps of: 

providing a semiconductor process wafer comprising aL least 
one damascene opening formed to extend through a thickness of 

at least one dielectric i nsula tin g laye r, said opening comprisin g 
one oJ a single damascene opening a n d an---ove-2^3^ydrn:g~ ^enchH.-iiie 
opening encompassing the at least o ri^^Tar-op^nritq — to lurm a dual 
damascene opening; 

etching through an etch stop layer at the at least one via 
damascene opening bottom portion to expose an underlying copper 
area ; 
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I hen carrying out a sub-atmospheric DEGAS process in-situ 
with simultaneous healing of the process wafer in a hydrogen 
containing ambient; 

then carrying out an in-situ sputter-clean process; and, 

I h en terming a barrier layer in-situ Lo line the dtufrJr 
damascene opening. 

2. (curroiiLly amended) The method of ciaim 1, further comprising 
the steps of: 

forming a copper seed layer in-situ to line the duad- 
damascene opening; 

carrying out an electrochemical copper deposition process to 
fill the dual- damascene opening with a copper layer; and, 

carrying out a CM 1? process to remove the copper layer and 
the barrier iayer above the -tre nch opening level, 

* 

3* (currently amended) The method of claim 1, wherein the 
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hydrogen containing ambient consists essentially of hydrogen and 
aL least one inert gas, said ambient is provided at a pressure ol 
about 1 mTorr Lo abouL 10 Ton and— a hydrogen gtra c.oncen t rat ion 
of about 3r5 b e ab o ut 20 ? A wiLh a remaining portion conolottng 
<* fli!»ent1a.1.1.y of inert gao . 

4. (currently amended) The method of claim 3, wherein the 
hydrogen containing ambient is provided aL a pressure of about 1. 
mTorr to ab o u L "i"(30 ntTor r • 

b. cancelled 

6, {currently amended) The method of claim 1, wherein the [ [ a J J 
sub-atmospheric DKGAS process is carried out at a temperature 
between about 100 °C and about 500 °C, 

7, (currently amended) The method of claim 1, wherein the ILaJj 
sub-atmospheric 11 KG A 55 process i.s carried out at a temperature 
between about 250 n C and about 4b0 °C. 

8, (original) The method of claim 1, wherein the sub-atmospheric 
DEGAS process is carried out lor a period of between, about 20 
seconds and about 120 seconds* 
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9- (original) The method of claim 1, wherein Lhc barrier layer 
comprises at least one layer selected irom the group consisting 
of refractory metals, refractory metal nitrides, and siliclded 
refractory metal nitrides. 

10. (original) The method of claim 9, wherein the barrier layer 
comprises fit least, one layer selected from the group consisting 
ol Ta, Ti, TaN f TiN, TaSiN, and TiSiN. 

11. (original) The method of claim 1, wherein the sputter-clean 
process comprises hydrogen gas. 

12. (currently amended) A method for forming [[aJJ copper 
damascene features in Jow-K [ [a] J porous dielectric tf iau la ting 
layers with improved electr ical properties i nclndinq r educing 
m oistur e and e tching residues from a damas cene. opejging, comprising 
the steps of: 

providing a semiconductor process wafer comprising at leasL 
one v±Tfr damascene opening formed to extend through a thickness of 
at least one p orous inorganic low-K dielectric Insulating layer*. 
.gai.d.oBen^ one of a s inql ej^M55m.5e^kg.-and ** 
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overl y ing trench line op e ning e1 e teoff^F^^315^^^ vi-ar 
opening Lo form a dual damascene opening; 

etching through an etch stop layer aL the at least, one via 
damascene opening bottom portion Lo expose an underlying copper 
area; 

then carrying out in-situ a sub-atmospheric DEGAS process 
with simultaneous heating of the process wafer in a hydrogen 
containing ambient; 

Lhen carrying out an in-sltu sputter-clean process 
comprising hydrogen gas; and, 

Lhon forming a barrier layer in-situ Lo line the dual 
damascene opening, 

13- (currently amended) The method of claim 12, further 

c omp r i a i n g L h e s t ep s of: 

forming a copper seed layer in-situ to line the dual 
damascene opening; 
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carrying out an electrochemical copper deposition process to 
fill the dual damascene opening with a copper layer; and, 

carrying out a CMP process Lo remove the copper layer and 
the barrier layer above the trench openi nq level. 

14. (currently amended) The method of claim 12, wherein the 
hydrogen conta ining ambient consists e ssentially of hydrogen and 
at. l east o ne inert gas, said ambie nt :t# provided at a pressure oL 
about 1 mTorr to abouL 10 Torr and a l ^yd-rx>gen--cj£ry-c oucenLraLion 
of--aboiit-d^-t-trTitbt>trt : 20% with a r e m aining p o rtion consisting 
try^-rrb-i-tri-Jrv 1 o£ — inert gas . 

15. (currently amended) The method of claim [ 13] JJU, wherein the 
hydrogen containing ambient is provided at a pressure of about 1 
mTorr Lo about 1 00 m Torr, 

1.6. cancelled 

17. (currently amended) The method of claim 12, wherein the [[a]] 
sub-atmospheric DEGAS process is carried out at a temperature 
between about 100 °C and about 500 °C. 
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18. (currently amended) The method of claim 12, wherein the a 
sub-atmospheric OKGAS process is carried out at a temperature 
between about 250 °C and about 450 °C 

19. (currently amended) The method of claim 12, wherein Lhc sub- 
atmospheric DEGAS process is carried out for a period of between 
about 20 seconds and about 120 seconds. 

20. (currently amended) The method of claim [[9]] 12, wherein the 
barrier layer comprises at least one layer selected from the 
group consisting of Ta, Ti, TaN, TIN, TaS.iN, and T.ISiN. 

21. (new) The method of claim 1, wherein the in-situ steps 
comprising Lhe sub-atmospheric DEGAS process, the sputter-clean 
process, and the barrier layer formation process comprise 
transferring the semiconductor process wafer between said 
processes in a controlled sub-atmospheric ambient with reduced 
oxygen levels. 

22. (new) The method of claim 12, wherein the in-situ steps 
comprising the sub atmospheric DEGAS process, the sputter-clean 
process, and the barrier layer formation process comprise 
transferring the semiconductor process wafer between said 
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